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KDVHYROYHGIRUDVHDPOHVVWUDQVSRUWRI7'0VHUYLFHVRYHU3DFNHW1HWZRUNV)RULWVHIIHFWLYH
IXQFWLRQLQJLWLVLPSHUDWLYHWKDWODWHQF\SDFNHWGHOD\YDULDWLRQWUDIILFSULRULWL]DWLRQDQG7'0FLUFXLWSHUIRUPDQFHEH
WDNHQFDUH$EXIIHUSODFHGDWWKHUHFHLYHUKHOSVWRPLWLJDWHWKHLOOHIIHFWVRIWKH361
7KHUHVWRI WKHSDSHULVRUJDQL]HGDV IROORZV6HFWLRQ,,EULHIO\GHVFULEHVFRQYHQWLRQDODQGSURSRVHGPRGHO IRU
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LPSOHPHQWHGE\WZHDNLQJWKH361WRHPXODWHD7'0QHWZRUNDVIDUDVSRVVLEOH7KLVHVVHQWLDOO\PHDQVWKDWDQRGH
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WRKDQGOHDEXUVW\WUDIILFLWLVLQKHUHQWO\SRRULQKDQGOLQJWKH&%5WUDIILF%XWDQDWWHPSWLVPDGHWRVHUYHWKH&%5
WUDIILFE\SURYLVLRQLQJ4R6(YHQZLWKWKLVDVWKH7(3VDUHVWRUHGDORQJZLWKWKHSDFNHWVIURPRWKHUVRXUFHV7(3V
H[SHULHQFHGLIIHUHQWDPRXQWRIGHOD\DWHDFKQRGH7KLVOHDGVWRDQLQH[RUDEOHHIIHFWFDOOHG3DFNHW'HOD\YDULDWLRQ
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VXFKDVRYHUUXQRUXQGHUUXQRIWKHMLWWHUEXIIHU7KLVLQWXUQOHDGVWRUHFHLYHUFORFNVOLSV
6FKHPDWLFIRU7'0RYHU3611HWZRUNUHTXLUHPHQWV
7KHVFKHPHIRULPSOHPHQWDWLRQRI7'0RYHU361LVVKRZQLQ)LJ  *LYHQD7'0VWUHDPWKH7'0IUDPHV
FRUUHVSRQGLQJWR;VDUHFROOHFWHGWRFUHDWHD7'0(PXODWHG3DFNHW7(3,IPRUHWKDQRQH7'0FRQQHFWLRQ
LVKDQGOHGE\WKH,:)WKHQDOHVVHUQXPEHURIIUDPHVSHUFRQQHFWLRQLVXVHGWRFUHDWHD7(37KLVLVGRQHWRGHFUHDVH
WKH SDFNHW RYHUKHDG 7KHVH7(3V DUH WUDQVSRUWHGWR WKHLU GHVWLQDWLRQXVLQJ XQDFNQRZOHGJHG FRQQHFWLRQ RULHQWHG
VHUYLFH7KHFRQQHFWLRQRULHQWHGVHUYLFHVROYHVWKHSUREOHPRISDFNHWRUGHULQJ7KHVHFRQGSUREOHPHQFRXQWHUHG
LQ SDFNHW QHWZRUNV LV WKH TXHXHLQJGHOD\ ZKLFK LV YDULDEOH IRU HDFK SDFNHW LQWURGXFHGE\SDFNHW URXWHUV DQG
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WUDQVPLVVLRQDQGSURSDJDWLRQ4R6
HQVXUHVWKDWWKHGHOD\UHTXLUHPHQWVDUHPHW7KLUGSUREOHPLQKHUHQWZLWKWKHSDFNHWQHWZRUNLVPRVWGDPDJLQJ WKH
YDULDWLRQRIGHOD\RUSDFNHWMLWWHUDFURVV7(3VRIWKHVDPHFRQQHFWLRQ ,WLVEHFDXVHRIWKHYDU\LQJGHOD\WKDWHDFK
SDFNHWH[SHULHQFHVWKHFRQVWDQWELWUDWH7'0VWUHDPDWWKHWUDQVPLWWHUGRHVQRWUHWDLQLWV&%5QDWXUHZKLOHRQWKH
FRQWUDU\ H[KLELWV KLJK YDULDELOLW\ LQ WKH LQWHUDUULYDO WLPHV :KLOH WKH VROXWLRQ WR WKH ILUVW SUREOHP LV WKH
XQDFNQRZOHGJHGFRQQHFWLRQRULHQWHGVHUYLFH WKHVROXWLRQWR WKHVHFRQGSUREOHPLV WKHSURYLVLRQLQJRI4R6LQWKH
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FRQFHQWUDWHVRQWKHVROXWLRQDWWKHUHFHLYHU11,WRWKHODVWSUREOHPDVVXPLQJWKHVROXWLRQVWRWKHILUVWDQGVHFRQGH[LVWV
DQGDUHDOUHDG\LPSOHPHQWHG7RVXPPDUL]HWKHIROORZLQJDUHWKHQHWZRUNUHTXLUHPHQWVWREHVDWLVILHGL&RQQHFWLRQ
RULHQWHGVHUYLFHLQRUGHUWRDYRLGPLVRUGHULQJRISDFNHWVLL6LQFHYRLFHDUHDOWLPHVHUYLFHLVWREHWUDQVPLWWHGWKHUH
LVDQXSSHUERXQGRQWKHTXHXHLQJGHOD\ 7KLVSRUWUD\VWKHQHHGIRU4R6LLL7KH4R6LPSOHPHQWDWLRQLVVXFKWKDW
WKHSDFNHWGHOD\YDULDWLRQLVPLQLPXPDQGLY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
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)LJH[SODLQVWKHVNHOHWRQRIWKH3DFNHW1HWZRUN7'01HWZRUN,QWHUIDFH$WWKHGLJLWDOFRPPXQLFDWLRQIURQW
HQGHTXLSPHQWHTXDOL]DWLRQGHWHFWLRQRIELWVDQGWKHQLGHQWLILFDWLRQRIVSHFLDOVHTXHQFHRIELWVLVFDUULHGRXW)UDPH
DFTXLVLWLRQ LV UXQ DW WKH GLJLWDO FRPPXQLFDWLRQ IURQWHQG WR LGHQWLI\ DQ DUULYDO RI D IUDPH  SDFNHW DSDUW IURP
LGHQWLI\LQJYDULRXVILHOGVZLWKLQDIUDPHSDFNHW$QGWKHQWKH\DUHEXIIHUHG$SDFNHWFODVVLILHULGHQWLILHVSDFNHWV
FDUU\LQJ7'0IUDPHV IURPWKHDERYHVHWRISDFNHWV7KHVHSDFNHWV FDUU\LQJ7'0SD\ORDGDUHVWULSSHGRI WKHLU
SDFNHWKHDGHUVVWRUHGLQDEXIIHUFDOOHG¶MLWWHUEXIIHU¶WRPLQLPL]HWKHMLWWHURIWKHRXWJRLQJ7'0VWUHDP7KHLQWHU
DUULYDOWLPHRIWKHVH7'0IUDPHVDUHUHFRUGHGDV7LPH'LIIHUHQFHRI$UULYDO7'2$VLPXOWDQHRXVO\QRWLQJGRZQ
WKH DUULYDO LQVWDQFHV RI WKHVH EXQGOH RI 7'0 IUDPHV 7KH 7'2$PHDVXUHPHQWV DUH IHG WR DQ DOJRULWKP >PDQ\
DOJRULWKPVDUHDGGUHVVHGLQWKHOLWHUDWXUH@ZKLFKHVWLPDWHVWKH7'0IUDPHDUULYDOUDWHDQGWKXVWKHELWUDWHEXWWKHVH
HVWLPDWHVDUHNQRZQ21/<DWWKH7'0IUDPHDUULYDOLQVWDQFHV7KXVWKHHVWLPDWHVDUHFRQVWDQWRYHUD7'0IUDPH
UHFHSWLRQWUDQVPLVVLRQ>7KXVVWULFWO\VSHDNLQJWKRXJKWKH3//LVXVHGLQVXEVHTXHQWEORFNWKHELWOHYHOFORFNLV127
UHFRYHUHGDQGKHQFHWKHVHVFKHPHVEHORQJWR/D\HUUHFRYHU\PHWKRGV@7KHHVWLPDWHVRIWKHELWUDWHDUHIHGWRWKH
3KDVH/RFNHG/RRS3//ZKRVHRXWSXWVHUYHVDVWKHFORFNWRWKHKDUGZDUHZKLFKGHTXHXHVVHUYHVWKH7'0IUDPHV
7KH GHSDUWXUH LQVWDQFHV RI WKHVH 7'0 IUDPHV DUH PHDVXUHG IRU EHQFKPDUNLQJ WKH HIILFDF\ RI WKH GHTXHXHLQJ
DOJRULWKPVXVHG

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
)LJ),)26LQJOHVHUYHUTXHXHZLWKFRUUHODWLRQV
7KHUHFHLYHUMLWWHUEXIIHULVFRQYHQWLRQDOO\PRGHOHGDVDTXHXHLQJV\VWHPLQZKLFKWKH7'0IUDPHVWKDWDUULYHLQ
DUDQGRPIDVKLRQDUHDFFRPPRGDWHGLQWKHEXIIHU7KHUHFHLYLQJKDUGZDUHLVDQDORJRXVWRWKHVHUYHULQWKHTXHXHLQJ
V\VWHP 7KXVWKHUHFHLYHUMLWWHUEXIIHULVPRGHOHGDVDVLQJOHVHUYHUILUVWLQILUVWRXW),)2TXHXHZKHUH;Q LVWKH
LQWHUDUULYDOWLPHSURFHVV6Q LVWKHVHUYLFHWLPHSURFHVV 7KHLQWHUGHSDUWXUHWLPHSURFHVVRIWKLVTXHXHVKRXOGKDYH
PLQLPXPYDULDQFHVRWKDWWKHMLWWHULQWKH7'0IUDPHVLVFRQWUROOHGDVVSHFLILHGLQWKH7'0VWDQGDUGV2QHZD\RI
UHGXFLQJWKHYDULDQFHRILQWHUGHSDUWXUHWLPHLVWRLQFRUSRUDWHFRUUHODWLRQHLWKHULQVHUYLFHLQWHUYDOVWKHPVHOYHVRUWR
LQWURGXFHFURVVFRUUHODWLRQEHWZHHQWKHDUULYDODQGVHUYLFHSURFHVVHVDVVKRZQLQ)LJ DQGJLYHQLQ 9DULDQFHRI
WKHLQWHUGHSDUWXUHWLPHRIDTXHXHHVSHFLDOO\XQGHUKHDY\WUDIILFFRQGLWLRQGHSHQGVRQO\RQWKHILUVWDQGVHFRQGPR
PHQWVRIWKHVHUYLFHWLPHZKLOHWKHPHDQZDLWLQJWLPHLQDGGLWLRQWRWKHDERYHGHSHQGVRQWKHDV\PSWRWLFFRUUHODWLRQ
ZLWKLQDUULYDOVZLWKLQVHUYLFHLQWHUYDOVDQGFURVVFRUUHODWLRQEHWZHHQDUULYDOVDQGVHUYLFHLQWHUYDOV4XHXHLQJPRGHOV
ZLWK([SRQHQWLDO$XWR5HJUHVVLYHDQG0RYLQJ$YHUDJH($50$SRVLWLYHFRUUHODWLRQVZLWKLQLQWHUDUULYDOVZLWKLQ
VHUYLFHLQWHUYDOVDQGFURVVFRUUHODWLRQVEHWZHHQLQWHUDUULYDODQGVHUYLFHLQWHUYDODUHGLVFXVVHGLQ$Q\DWWHPSWWR
LQFUHDVHWKH FRUUHODWLRQZLWKLQWKHDUULYDOV WKH VHUYLFHWLPHVRU GHFUHDVHFURVVFRUUHODWLRQEHWZHHQWKHDUULYDODQG
VHUYLFHWLPHZLOO LQFUHDVHWKHPHDQZDLWLQJWLPH$TXHXHLQJPRGHOZLWK$XWR5HJUHVVLYH$5VHUYLFHLQWHUYDOV
IROORZLQJ*DPPDGLVWULEXWLRQLVFRQVLGHUHGE\,QRXUPRGHOZHXVH$XWR5HJUHVVLYH$5ZLWKFRUUHODWLRQV
EHWZHHQVHUYLFHLQWHUYDOV7KHLQWXLWLRQEHKLQGXVLQJWKLVPRGHOLVWKDWWKHVHUYLFHWLPHGLVWULEXWLRQFRQYHUJHVWRD
GHWHUPLQLVWLFGLVWULEXWLRQOHDGLQJWRUHGXFWLRQLQWKHYDULDQFHRIWKHLQWHUGHSDUWXUHLQWHUYDOV
/LWHUDWXUHVXUYH\
7'0RYHU361HQDEOHV WUDQVPLWWLQJ WKH FRQWLQXRXVGDWD VWUHDPJHQHUDWHGE\7'0HTXLSPHQW DV D VWUHDPRI
GLVFUHWHSDFNHWV7KHGDWDVWUHDPFRQVLVWVRILQGLYLGXDOWLPHVORWVUHWULHYHGIURPWKH(IUDPHVWUXFWXUHIURPDEXQGOH
RIIUDPHV7KHVHDUHWKHQHQFDSVXODWHGLQSDFNHWVDQGVHQWDFURVVWKHQHWZRUN$VWKHSDFNHWQHWZRUNXVHVWDWLVWLFDO
PXOWLSOH[LQJ WKH DYHUDJH UDWH LVPHDVXUHG RYHU D ORQJ LQWHUYDO GLIIHUHQFH EHWZHHQ WKHPD[LPXP DQGPLQLPXP
WUDQVPLVVLRQGHOD\VH[SHFWHGLQWKHQHWZRUN,QRUGHUWRUHFRYHUWKHSD\ORDGFORFNRIDEXQGOHVHYHUDOFORFNUHFRYHU\
VFKHPHVDUHXVHG
,Q7'0R361ZKHQWKHUHLVQRFRPPRQFORFNEHWZHHQWKHWUDQVPLWWHUDQGWKHUHFHLYHU$GDSWLYH&ORFN5HFRYHU\
$&5LVXVHGIRUGHULYLQJDV\QFKURQRXVFORFNIURPDQDV\QFKURQRXVSDFNHWVWUHDP$&5HVVHQWLDOO\XVHVSDFNHW
DUULYDOUDWHDQGRUEXIIHUOHYHODVPHDQVWRUHFRYHUWKHWUDQVPLWWHUFORFNIUHTXHQF\+RZHYHUXQGHUKHDY\
QHWZRUNXWLOL]DWLRQLWGRHVQRWPHHWSKDVHDQGWLPHUHTXLUHPHQWVDVVSHFLILHGE\WKHVWDQGDUGV)RUDFKLHYLQJEHWWHU
V\QFKURQL]DWLRQZHXVHDFRUUHODWHGTXHXHLQJPRGHOZLWKDGLIIHUHQWFRUUHODWLRQVWUXFWXUHDWWKHGDWDOLQNOD\HURI
WKH,62VWDFN
+HDY\WUDIILFUHVXOWVIRUWKHZDLWLQJWLPHGLVWULEXWLRQRIDFRUUHODWHGTXHXHKDYLQJDOOWKHWKUHHW\SHVRIFRUUHODWLRQV
DPRQJLQWHUDUULYDOVDPRQJVHUYLFHWLPHVDQGEHWZHHQLQWHUDUULYDODQGVHUYLFHWLPHVLVJLYHQLQ$JHQHUDOVXIILFLHQW
FRQGLWLRQIRUDKHDY\WUDIILFOLPLWWKHRUHPIRUWKHZDLWLQJWLPHLQDJHQHUDO**PRGHOZLWKLQWHUDUULYDOWLPHDQG
VHUYLFHWLPHVHTXHQFHLVHVWDEOLVKHGLQ7KHVHDUHXVHGLQRXUPHDQZDLWLQJWLPHDQDO\VLV$TXHXHLQJPRGHOZLWK
$XWR5HJUHVVLYH$5VHUYLFHLQWHUYDOVLVFRQVLGHUHGLQ:HXVHWKLVPRGHOZLWKH[SRQHQWLDOGLVWULEXWLRQZKLFKLV
X
n
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nDServer
Correlated
190   Usha Rani Seshasayee and Manivasakan Rathinam  /  Procedia Computer Science  62 ( 2015 )  186 – 195 
RXUFRQWULEXWLRQIRUPRGHOOLQJWKHMLWWHUEXIIHUDQGVWXG\LWVPHDQZDLWLQJWLPHDQGLQWHUGHSDUWXUHSURFHVV:HORRN
DWGHSDUWXUHSURFHVVLWVVWDWLVWLFVDQGXVHWKHVDPHLQDMLWWHUEXIIHUPRGHO:HLQFOXGHKHUHLQRXUVWXGLHVDTXHXH
ZLWKQRQ3RLVVRQLDQDUULYDOSURFHVVWRFDWHUWRWKHUHDOZRUOGVFHQDULRZKHUHWKHDUULYDOSURFHVVLVVHOIVLPLODU
)RUDFKLHYLQJV\QFKURQL]DWLRQDWWKHGDWDOLQNOD\HURIWKH,62VWDFNDTXHXHLQJPRGHOZLWK($50$FURVV
FRUUHODWLRQVLVXVHGDQGLWVGHSDUWXUHSURFHVVLVVWXGLHG7KLVTXHXHLQJPRGHODOORZVIRUWKHFRPSDULVRQRIWKHTXHXH
WRD00TXHXHZLWKWKHVDPHPDUJLQDOGLVWULEXWLRQ7KHSDUDPHWHUVRILQWHUHVWDUHUDWLRRIPHDQZDLWLQJWLPHRI
WKHTXHXHWRWKDWRID00TXHXHDQGUDWLRRIWKHYDULDQFHRIWKHLQWHUGHSDUWXUHLQWHUYDOVWRWKDWRIWKHLQWHUDUULYDO
LQWHUYDOV+HUHWKHSD\ORDGVH[WUDFWHGIURPWKH7'0HQFDSVXODWHGSDFNHWVDUULYLQJIURPWKHWUDQVPLWWHUDUHTXHXHG
LQWKHMLWWHUEXIIHU7KH\DUHVHUYHGVXFKWKDWWKHYDULDQFHRIWKHLQWHUGHSDUWXUHSURFHVVRIWKHRXWJRLQJSDFNHWVWUHDP
LVPLQLPXP7KLVLVDFKLHYHGRQO\XQGHUOLJKWPHGLXPWUDIILFFRQGLWLRQVEXWDWWKHFRVWRIPHDQZDLWLQJWLPH8QGHU
KHDY\WUDIILFFRQGLWLRQV WKHTXHXHUHVHPEOHVD00TXHXHLQWHUPVRIWKHGHSDUWXUHSURFHVV0HDQLQJWKDW WKH
YDULDQFHRI WKH LQWHUGHSDUWXUH LQWHUYDOV LV VDPHDV WKHYDULDQFHRI WKH LQWHUDUULYDO WLPHV7KHLUZRUN LQFOXGHVD
**TXHXHPRGHOZLWK LQWHUDUULYDOFRUUHODWLRQVDQG($50$FURVVFRUUHODWLRQV7KLVTXHXHXQGHUKHDY\ WUDIILF
OLPLWFRQGLWLRQVPLPLFVD00TXHXH7KHREMHFWLYHRIPLQLPXPYDULDQFHLVDFKLHYHGXQGHUOLJKWPHGLXPWUDIILF
FRQGLWLRQDYDULDQFHUDWLRRIRQO\LVREWDLQHG%XWLQWKLVSDSHUZHORRNDWDTXHXHZKLFKFRXOGEHDSSUR[LPDWHG
E\D0'TXHXHDQGJDLQPXFKEHWWHULQWHUPVRIYDULDQFHDZHOODVPHDQZDLWLQJWLPH
2XUTXHXHPRGHO
:HEDVLFDOO\DGRSWWKHDERYHJHQHUDOIUDPHZRUNIRFXVLQJRQWKHMLWWHUEXIIHUGHTXHXHLQJDOJRULWKPVVFKHGXOLQJ
WKHGHSDUWXUHLQVWDQWVE\IL[LQJWKHVHUYLFHLQWHUYDOVVXFKWKDWWKHFRUUHVSRQGLQJ7'0VOLSUDWHLVPLQLPL]HG$V
PHQWLRQHGEHIRUHZHPRGHOWKHMLWWHUEXIIHUDVD),)2TXHXHLQJV\VWHPLQZKLFKWKHDUULYDOVDUH3RLVVRQZLWKLQILQLWH
FDSDFLW\EXIIHUPHPRU\LVODUJHHQRXJKWRKROGODUJHQXPEHURI7(3VDQGWKHWUDQVPLVVLRQWLPHE\WKHOLQHFDUG
KDUGZDUHLVWKHVHUYLFHLQWHUYDOV7RDFKLHYHWKHRSWLPDOSHUIRUPDQFHRI\LHOGLQJPLQLPXP7'0VOLSUDWHZH
QHHGWRGHVLJQWKHVHUYLFHLQWHUYDOVVXFKWKDW WKH,'7YDULDQFHLVPLQLPL]HG>1RWHWKDWRQHZD\ WRPLQLPL]HWKH
7'0VOLSUDWHLV WRGHVLJQWKHTXHXHZKLFK\LHOGVPLQLPXP,'7YDULDQFH@2QHLPSRUWDQWDVVXPSWLRQZKLFKZH
PDNHKHUHLVWKDWWKHTXHXHLQJPRGHORSHUDWHVDWKLJKXWLOL]DWLRQWUDIILFLQWHQVLW\7KLVLVWRMXVWLI\WKHDYHUDJHDUULYDO
UDWHRI7'0IUDPHVDWWKHLQSXWRIWKHMLWWHUEXIIHULVHTXDOWRWKHFDSDFLW\RIWKHRXWJRLQJSK\VLFDOFRPPXQLFDWLRQ
FKDQQHO 7'0 OLQH :H WKXV FRQVLGHU WKH IROORZLQJ TXHXHV 7KH VHUYLFH SURFHVV LV DQ $5  SURFHVV
3RLVVRQ*HQHUDODUULYDOVVLQJOHVHUYHUKDYLQJDQLQILQLWHEXIIHUVSDFH
7DEOHEHORZJLYHVWKHGHILQLWLRQRIWKHFRPPRQV\PEROVXVHG
7DEOH&RPPRQV\PEROV
6\PEROV 'HVFULSWLRQ
;Q
7KHH[SRQHQWLDOLQWHUDUULYDOWLPHEHWZHHQWKHQWKDQGWKHQWKDUULYDORI7(3DWWKHUHFHLYHU
MLWWHUEXIIHUZLWKPHDQDUULYDOUDWHȜ
6Q

7KHVHUYLFHWLPHRIWKHQWK7(3 
௡՜ஶ
߃ሺܵ௡ሻ ൌ ͳ ߤΤ 
8Q 6Q;Q
:Q 7KHZDLWLQJWLPHRIWKHQWKSDFNHWLQWKHTXHXH
'Q 7KHLQWHUGHSDUWXUHWLPHEHWZHHQWKHQWKDQGWKHQWKGHSDUWXUHRI7(3DWWKH-LWWHUEXIIHU

%HIRUH SURFHHGLQJ IXUWKHUZH SUHVHQW KHUH DQ LPSRUWDQW UHVXOW DQG D IDPLOLDU WHUPLQRORJ\HQWUHQFKHG LQ WKH
OLWHUDWXUHZKLFKZHNHHSUHIHUULQJWRPDQ\WLPHVODWHU

 3RVLWLYH&RUUHODWLRQV

.DUO3HDUVRQ¶VFRUUHODWLRQFRHIILFLHQWEHWZHHQWKHWZRUDQGRPYDULDEOHV;DQG<

,ILWLVEHWZHHQDQGWKHQ;DQG<DUHSRVLWLYHO\FRUUHODWHGRUWKHQ;DQG<DUHXQFRUUHODWHG

ݎ௑௒ ൌ
஼௢௩ሺ௑ǡ௒ሻ
ඥ௏௔௥ሺ௑ሻ௏௔௥ሺ௒ሻ

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
 0HDQ:DLWLQJ7LPHLQD&RUUHODWHG4XHXH
4XHXHVZLWKDOOWKUHHW\SHVRIFRUUHODWLRQVDUHVWXGLHGE\ 7KHDSSUR[LPDWHPHDQZDLWLQJWLPHRITXHXHZLWK
DOO WKUHH FRUUHODWLRQV FRUUHODWLRQVZLWKLQ DUULYDOVEHWZHHQFXUUHQWDQGSUHYLRXVDUULYDOVZLWKLQ VHUYLFH LQWHUYDOV
EHWZHHQFXUUHQWDQGSUHYLRXVVHUYLFH LQWHUYDOVFURVVFRUUHODWLRQVEHWZHHQDUULYDOVDQGVHUYLFHEHWZHHQFXUUHQW
SUHYLRXVLQWHUDUULYDODQGFXUUHQWVHUYLFHLQWHUYDOXQGHUKHDY\WUDIILFOLPLWFRQGLWLRQKDVEHHQVWXGLHGE\

            


ZKHUHWKHDV\PSWRWLFYDULDQFHRI8Q LVJLYHQE\



            

ZKHUH8Q 6Qí;QȜLVWKHPHDQDUULYDOUDWHDQGLVWKHPHDQVHUYLFHUDWH

 9DULDQFHRI,QWHU'HSDUWXUH7LPH

7KHYDULDQFHRIWKHLQWHUGHSDUWXUHWLPHIRUD*,*TXHXHZLWKDOOWKUHHW\SHVRIFRUUHODWLRQVPHQWLRQHGDERYH
IURPLVSUHVHQWHGEHORZ


            

ZKHUHWKHVWDWLRQDU\LQWHUYDOYDULDQFHRI8Q LVJLYHQE\



            

8QGHUKHDY\WUDIILFFRQGLWLRQWKHYDULDQFHRIWKHLQWHUGHSDUWXUHLQWHUYDOVRIWKLVTXHXHKDYLQJWUDIILFLQWHQVLW\ȡ
LVDSSUR[LPDWHGDV


            

*HQHUDOREVHUYDWLRQVIURPDERYHHTXDWLRQVDUH

$,WLVHYLGHQWWKDWSRVLWLYHFURVVFRUUHODWLRQEHWZHHQLQWHUDUULYDOVDQGVHUYLFHWLPHVZLOOWHQGWRGHFUHDVHWKH
PHDQZDLWLQJWLPHZKLOVWSRVLWLYHFRUUHODWLRQZLWKLQLQWHUDUULYDOVRUVHUYLFHWLPHZLOOWHQGWRLQFUHDVHWKHPHDQ
ZDLWLQJWLPH
%,WFDQEHGHGXFHGWKDWXQGHUKHDY\WUDIILFFRQGLWLRQWKHIDFWRUWKDWUHQGHUVWKHYDULDQFHRIWKHLQWHUGHSDUWXUH
WLPHOHVVLVGHFUHDVHLQWKHYDULDQFHRIWKHVHUYLFHLQWHUYDOV


߃ሾܹሿ ൌ ͲǤͷ
ߤߣ
Ɋ െ ߣ
ߪ௔ଶ
ߪ௔ଶ ൌ ܸܽݎሾ ଵܷሿ ൅ ʹ෍ܥ݋ݒሺ ଵܷǡ ଵܷା௡ሻ
ஶ
௡ୀଵ

ܸܽݎሺܦ௡ሻ ൌ ܸܽݎሺܺ௡ሻ ൅ ʹܸܽݎሺܵ௡ሻ െ ʹܥ݋ݒሺܺ௡ǡ ܵ௡ሻ െ ߪௌூଶ 
ߪௌூଶ ൌ ܸܽݎሾ ଵܷሿ
ܸܽݎሺܦ௡ሻ ൎ ሺͳ െ ߩଶሻܸܽݎሺܺ௡ሻ ൅ ܸܽݎሺܵ௡ሻ
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
 3URSRVHG0RGHOVIRU6FKHGXOLQJWKH7'0)UDPHV

0RGHO$5SRVLWLYHFRUUHODWLRQZLWKLQVHUYLFHWLPHVDUULYDOV3RLVVRQ

7DEOH JLYHVWKHGHILQLWLRQRI WKHUDQGRPYDULDEOHVXVHGLQ WKHTXHXHLQJPRGHOZLWK$5SRVLWLYHFRUUHODWLRQV
ZLWKLQVHUYLFHWLPHV
7DEOH4XHXHZLWK$5SRVLWLYHFRUUHODWLRQVZLWKLQVHUYLFHWLPHV
6\PERO 'HVFULSWLRQ
^(Q` ,,'VHTXHQFHZLWKH[SRQHQWLDOGLVWULEXWLRQZLWKSRVLWLYHILQLWHPHDQ
^6` ,,'VHTXHQFHZLWKH[SRQHQWLDOGLVWULEXWLRQZLWKSRVLWLYHILQLWHPHDQ

4XHXHZLWK $5  SRVLWLYH FRUUHODWLRQZLWKLQ VHUYLFH LQWHUYDOV LV FRQVLGHUHG 7KLV LV REWDLQHG IURP ZKHUH
DXWRUHJUHVVLYH VHUYLFH WLPHV RI RUGHU  LV XVHG %XW KHUH DQ H[SRQHQWLDO GLVWULEXWLRQ LV FRQVLGHUHG 7KH VHUYLFH
LQWHUYDOVDUHGHILQHGDV



ZKHUHĮ LVVRPHIL[HGYDOXHVXFKWKDW Į   7KHGLVWULEXWLRQRI6Q LVDZHLJKWHGVXPRIH[SRQHQWLDOV%XW
WKHUH H[LVWV FRUUHODWLRQEHWZHHQ WKH VHUYLFH LQWHUYDOV DQG LW DPRXQWV WR WKH ȡPL[LQJ RI WKH VHTXHQFHV )URP 
DSSOLFDWLRQZHFDQGHGXFHWKHYDULDQFHRI6Q7KHDV\PSWRWLFYDULDQFHRI8Q 6Q ;QLQWKLVFDVHLV

            


/HPPD7KHYDULDQFHRIWKHLQWHUGHSDUWXUHWLPHRID0*TXHXHZLWK$5SRVLWLYHFRUUHODWLRQZLWKLQVHUYLFH
LQWHUYDOVXQGHUKHDY\WUDIILFOLPLWFRQGLWLRQLVJLYHQE\

            

0RGHO$5SRVLWLYHFURVVFRUUHODWLRQVEHWZHHQLQWHUDUULYDOVDQGVHUYLFHWLPHVDUULYDOV3RLVVRQ

:HDGRSWD0*TXHXHDVRXUMLWWHUEXIIHUPRGHOZLWKWKHVHUYLFHLQWHUYDOVEHLQJFRUUHODWHGZLWKLQWHUDUULYDOVLQ
WKHIROORZLQJZD\ZLWK$XWR5HJUHVVLYHSRVLWLYHFURVVFRUUHODWLRQVEHWZHHQWKH LQWHUDUULYDOWLPHVDQG WKH VHUYLFH
WLPHV7KHFXUUHQWVHUYLFHWLPHLVUHODWHGWRWKHFXUUHQWLQWHUDUULYDOWLPHDQGSUHYLRXVVHUYLFHWLPHDV

            

ZKHUHȕLVWKHFRUUHODWLRQSDUDPHWHUȜLVWKHPHDQDUULYDOUDWHDQGLVWKHPHDQVHUYLFHUDWH



/HPPD7KH YDULDQFHRI WKH LQWHUGHSDUWXUHWLPH RI D0*TXHXHZLWK$5  SRVLWLYH FURVVFRUUHODWLRQ
EHWZHHQLQWHUDUULYDODQGVHUYLFHLQWHUYDOVXQGHUKHDY\WUDIILFOLPLWFRQGLWLRQLVJLYHQE\

  



ܵ௡ ൌ ߙܵ௡ିଵ ൅ ሺͳ െ ߙሻܧ௡
ߪ௔ଶ ൌ ߣିଶ ൅
ͳ െ ߙ
ͳ ൅ ߙ
ߤିଶ ൅ ʹ
ߙ
ͳ ൅ ߙ
ߤିଶ
ܸܽݎሺܦ௡ሻ ൎ ሺͳ െ ߩଶሻɉିଶ ൅
ͳ െ ߙ
ͳ ൅ ߙ
ߤିଶ

ܵ௡ ൌ ߚܵ௡ିଵ ൅ ሺͳ െ ߚሻߣߤିଵܺ௡

ܸܽݎሺܦ௡ሻ ൎ ሺͳ െ ߩଶሻɉିଶ ൅
ͳ െ ߚ
ͳ ൅ ߚ
ߤିଶ
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 &RUUHODWHGLQWHUDUULYDOV
7KHTXHXHLVDOVRVWXGLHGZLWKLQWHUDUULYDOWLPHVEHLQJFRUUHODWHGZLWKLQWKHPVHOYHVDVLQDVLWZDVIRXQGLQ
WKDWWKHLQWHUDUULYDOVLQSDFNHWQHWZRUNVH[KLELWVHOIVLPLODULW\7KHMLWWHUEXIIHULVPRGHOHGDVD**TXHXHZLWKDOO
WKUHHW\SHVRIFRUUHODWLRQV7DEOHJLYHVWKHYDULDEOHVUHODWHGWRWKHFRUUHODWHGDUULYDOSURFHVV
7DEOH&RUUHODWHGLQWHUDUULYDOWLPHV
6\PERO 'HVFULSWLRQ
^*Q` ,,'VHTXHQFHZLWKH[SRQHQWLDOGLVWULEXWLRQZLWKSRVLWLYHPHDQȜ
^+Q` ,,'VHTXHQFHZLWK%HUQRXOOLGLVWULEXWLRQZLWK3+Q  ȖȖ

7KHLQWHUDUULYDOWLPHEHWZHHQWKHQWKDQGWKHQWKDUULYDO;Q LVJLYHQE\

      

3RVLWLYH FRUUHODWLRQVZLWKLQ WKH LQWHUDUULYDOVZRXOG LQFUHDVH WKH PHDQ ZDLWLQJ WLPH DQG WKHUHIRUH UHGXFH WKH
YDULDQFHRIWKHLQWHUGHSDUWXUHWLPHXQGHUKHDY\WUDIILFOLPLWFRQGLWLRQ 6R WKHDERYHXVHGPRGHOVZRXOGSHUIRUP
EHWWHULQWHUPVRIWKHYDULDQFHRIWKHLQWHUGHSDUWXUHWLPHXQGHUUHDOWLPHWUDIILF
6LPXODWLRQ5HVXOWV
0*TXHXHZLWKVHUYLFHLQWHUYDOVGHILQHGDV$5SRVLWLYHFRUUHODWLRQZDVVLPXODWHGIRUGLIIHUHQWFRUUHODWLRQ
SDUDPHWHUĮYDOXHVDQGWUDIILFLQWHQVLW\ȡLQ0$7/$%7KHJUDSKRIWKHUDWLRRIPHDQZDLWLQJWLPHRIWKLVFRUUHODWHG
TXHXHWRWKHPHDQZDLWLQJWLPHRIWKHLQGHSHQGHQFH00FDVHLVSORWWHG$OVRWKHUDWLRRIWKHYDULDQFHRIWKH
LQWHUGHSDUWXUHWLPHWRWKHLQWHUDUULYDOWLPHLVSORWWHGLQWKHVDPHJUDSK


)LJD5DWLRRIWKHPHDQZDLWLQJWLPHRIWKHFRUUHODWHG0*WRWKH00TXHXHDQGWKHYDULDQFHRIWKHLQWHUGHSDUWXUHWLPHWRWKHLQWHUDUULYDO
WLPHIRUYDULRXVFRUUHODWLRQSDUDPHWHUYDOXHVĮ WUDIILFLQWHQVLW\ȡ (UODQJVE0HDQZDLWLQJWLPHDQGYDULDQFHRILQWHUGHSDUWXUHWLPHRI
WKHTXHXHIRUGLIIHUHQWWUDIILFLQWHQVLW\YDOXHVȡFRUUHODWLRQSDUDPHWHUĮ 

ܺ௡ ൌ ߛܺ௡ିଵ ൅ ܩ௡ܪ௡
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)LJ  D0HDQZDLWLQJ WLPHRI WKH0*TXHXHZLWK FURVVFRUUHODWLRQV DQG WKH YDULDQFH RI WKH LQWHUGHSDUWXUH WLPH IRU YDULRXV FRUUHODWLRQ
SDUDPHWHUYDOXHVȕWUDIILFLQWHQVLW\ȡ (UODQJVE0HDQZDLWLQJWLPHDQGYDULDQFHRILQWHUGHSDUWXUHWLPHRIWKHTXHXHIRUGLIIHUHQWWUDIILF
LQWHQVLW\YDOXHVȡFRUUHODWLRQSDUDPHWHUȕ 

0RGHOVGHVFULEHGLQVHFWLRQZHUHVLPXODWHGDQGLWVSDUDPHWHUVZHUHVWXGLHG,QPRGHODVLVVHHQIURP)LJ
D$5SRVLWLYHFRUUHODWLRQZLWKLQVHUYLFHLQWHUYDOV\LHOGVDEHWWHUSHUIRUPDQFHLQWHUPVRIWKHYDULDQFHRIWKHLQWHU
GHSDUWXUHWLPHXQGHUKHDY\WUDIILFFRQGLWLRQV9DOXHRIFRUUHODWLRQSDUDPHWHUĮFDQEHVHOHFWHGVXFKWKDWWKHYDULDQFH
RIWKHLQWHUGHSDUWXUHWLPHLVUHODWLYHO\OHVV:KHQWKHFRUUHODWLRQSDUDPHWHUDSSURDFKHVXQLW\WKHTXHXHEHKDYHVDVD
0'TXHXHLQWKHFRQWH[WRIGHSDUWXUHSURFHVV%XWWKHPHDQZDLWLQJWLPHLVPRUHWKDQWKDWRID0'TXHXHZLWKLWV
FRQVWDQWVHUYLFHWLPHHTXDOWRWKHPHDQRIWKHVHUYLFHWLPHFRQVLGHUHGLQWKHFRUUHODWHGTXHXH$WKHDY\WUDIILFOLPLW
FRQGLWLRQVWKLVTXHXHKDVWKHVDPHPHDQZDLWLQJWLPHDVWKDWRID00TXHXHKDYLQJWKHVDPHPHDQVHUYLFHWLPH
7KHYDULDQFHRIWKHLQWHUGHSDUWXUHWLPHGHFUHDVHVDWKLJKHUYDOXHVRIWKHFRUUHODWLRQSDUDPHWHU )LJEJLYHVWKH
SORWRIWKHTXHXHSDUDPHWHUVVXFKDVPHDQZDLWLQJWLPHDQGYDULDQFHRIWKHLQWHUGHSDUWXUHWLPHDVDIXQFWLRQRIWUDIILF
LQWHQVLW\ȡZLWKKLJKFRUUHODWLRQSDUDPHWHUYDOXH ,WLVHYLGHQWWKDWWKHTXHXHPLPLFVD00TXHXHLQWHUPVRILWV
PHDQZDLWLQJWLPH$WKHDY\WUDIILFLWDSSURDFKHVD0'TXHXHLQWHUPVRIWKHLQWHUGHSDUWXUHWLPHYDULDQFH
,QPRGHOZKHUHWKHUHLV$5FURVVFRUUHODWLRQEHWZHHQWKHLQWHUDUULYDOVDQGWKHVHUYLFHLQWHUYDOVDVLVVHHQ
IURP)LJ D WKH YDULDQFHRI WKH LQWHUGHSDUWXUHWLPH DOPRVWDSSURDFKHVD0'TXHXHFDVH ZLWK WKH FURVV
FRUUHODWLRQSDUDPHWHU ȕ DSSURDFKLQJ XQLW\ XQGHU KHDY\ WUDIILFFRQGLWLRQ  7KH PHDQ ZDLWLQJ WLPH PLPLFV  D
0' TXHXHFDVH 6R LI WKHUH LV FURVVFRUUHODWLRQ EHWZHHQ LQWHUDUULYDODQG VHUYLFH LQWHUYDO D0'  TXHXLQJ
SHUIRUPDQFHFRXOGEHDFKLHYHGDWKLJKHUFRUUHODWLRQSDUDPHWHUYDOXH)LJEJLYHVWKHSORWRIWKHTXHXHSDUDPHWHUV
DVD IXQFWLRQRIWUDIILFLQWHQVLW\DWKLJKFRUUHODWLRQSDUDPHWHUȕ$WKLJKXWLOL]DWLRQWKHTXHXHUHVHPEOHVD0'
TXHXH7KHUHIRUHTXHXHRIWKLVPRGHOXQGHUKHDY\WUDIILFFRQGLWLRQDQGZLWKKLJKFURVVFRUUHODWLRQSDUDPHWHUYDOXH
KHOSVXVPHHWRXUREMHFWLYH
(YHQZKHQWKHLQWHUDUULYDOVDUHFRUUHODWHGDVLQWKHVFKHPHSHUIRUPVZHOOLQWHUPVRIWKHYDULDQFHRIWKH
LQWHUGHSDUWXUHWLPH7KHPHDQZDLWLQJWLPHLVDOVRZLWKLQWKHSHUPLVVLEOHOLPLW
&RQFOXVLRQDQG)XWXUHZRUN
$FRUUHODWHG0*ZLWK$5FRUUHODWLRQVZLWKLQVHUYLFHLQWHUYDOVDQGFURVVFRUUHODWLRQEHWZHHQLQWHUDUULYDOVDQG
VHUYLFH LQWHUYDOVDUH XVHG IRUPRGHOOLQJWKH MLWWHU EXIIHULQ 7'0R361DQGYDOXHRI FRUUHODWLRQSDUDPHWHUVRIWKH
TXHXH LV LGHQWLILHGWR DFKLHYHRXU REMHFWLYHRI PLQLPXPYDULDQFHRI WKH LQWHUGHSDUWXUHWLPH 7KLV ZRUN LV DOVR
H[WHQGHGWRDUULYDOVEHLQJFRUUHODWHGDVLQWHUDUULYDOWLPHVH[KLELWVHOIVLPLODULW\LQSDFNHWQHWZRUNVDQGWKHLUVLPXODWLRQ
UHVXOWVDUHSUHVHQWHG$ WKHRUHWLFDOVWXG\RIWKHTXHXHZLWKDOO WKUHHW\SHVRIFRUUHODWLRQVZLOOSURYLGHD
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EHWWHULQVLJKW$VWXG\RIWKHFRUUHODWLRQVWUXFWXUHLQWKHLQWHUGHSDUWXUHWLPHVLVDLPHGDW$QDSSUR[LPDWLRQIRUWKH
ILUVWWZRPRPHQWVRIWKHTXHXHOHQJWKGLVWULEXWLRQRIVXFKDFRUUHODWHGTXHXHFDQEHDUULYHGDWDQGXVHGIRUDQDO\VLV
LQWKHPHWKRGRIEXIIHUOHYHOEDVHGFORFNUHFRYHU\
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